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w h o l e s a l e  p a c k a g i n g  f o r  t h e  f r u i t .  T h e  m e t h o d o l o g y  c o m p r i s e d  o f  
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p a c k a g i n g  t o  v a r i o u s  r e t a i l e r s  a n d  w h o l e s a l e r s  s e l e c t e d  a t  r a n d o m  
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s h o w e d  t h a t  t h e  p o s t - h a r v e s t  d a m a g e  w a s  m a i n l y  i n  t h e  f o r m  o f  b r u i s ­
i n g  a n d  a b r a s i o n .  T h e  a v e r a g e  f r u i t  d a m a g e  a n d  t h e  a v e r a g e  d a m a g e  
p e r c e n t a g e  o f  a b r a s i o n  w e r e  h i g h e r  t h a n  t h a t  o f  b r u i s i n g  a t  b o t h  t h e  
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1.0 INTRODUCTION 
THE rose apple (Eugenia javanica Lamk) is indigenous to the East In­dies and Malaya and is cultivated and naturalized in many parts of 
India, Southeast Asia and the Pacific Islands. This exotic fruit is very 
popular in Thailand. Its plantation in Thailand covers an area of 9,634 
hectares, producing rose apple fruit with a market value of 31.5 million 
US Dollars [1]. Rose apple is a rich source of vitamins and minerals with 
the most popular variety being Thongsamsri [2]. 
In its post harvest journey from farm-to-fork, this fruit is subjected to a 
multitude of dynamic and static forces such as impacts, vibration and 
compression which reduce its value due to damage [3, 4]. Mechanical 
damage is the major cause of post-harvest losses [5]. Post-harvest dam­
age ofthe mangosteen fruit in Thailand, in terms of rough surface and in­
ternal defects has been observed to be as high as 40.5% and the mechani­
cal damage to sweet tamarind pods in typical retail packaging has been 
observed between 33.2% and 48.4% [6]. 
There have been several other studies related to the damage caused to 
fresh produce and fruits by distribution hazard elements. Beradinelli et 
aI. reported that as many as 36% of Italian pears risk being damaged dur­
ing transportation by trucks [7]. Singh and Marcondes have concluded 
that by switching from a truck with a leaf spring suspension to that with 
an air-ride suspension, vast improvement in the ride quality as well as 
damage reduction can be achieved [8]. However, the smoother sus­
pension system does not totally eliminate vibration damage. A past 
study recommends that proper design and use of the protective pack­
aging materials are important factors to reduce physical damage dur­
ing distribution [9]. Although several studies on performance testing 
and evaluation of packaging for tropical fruits like mango, papaya, 
mangosteen, rambutan, and sweet tamarind have been conducted in 
the past, no such study has included rose apples [10,11,12,13, and 
14]. 
This research was targeted to: 
• Determine the post-harvest damage to rose apples due to transporta­
tion hazards 
• Comparatively evaluate the performance of the current and proposed 
wholesale packaging for the fruit 
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2 . 0  M A T E R I A L S  A N D  M E T H O D S  
2 . 1  D e t e r m i n a t i o n  o f  P o s t - H a r v e s t  D a m a g e  
P o s t  h a r v e s t  d a m a g e  t o  t w o  v a r i e t i e s  o f  r o s e  a p p l e s ,  T o o n k l a o  a n d  
T h o n g s a m s r i ,  w a s  o b s e r v e d  f o r  t r a n s p o r t  d e s t i n a t i o n s  f o r  r e t a i l  a n d  
w h o l e s a l e  m a r k e t s .  F o r  t h e  r e t a i l  d e s t i n a t i o n s ,  t h r e e  m o b i l e  r e t a i l e r s  
( p i c k - u p  t r u c k s ) ,  t h r e e  o p e n  m a r k e t s  a n d  t w o  p o p u l a r  s u p e r m a r k e t s  w e r e  
t a r g e t e d .  A l l  t h e  r e t a i l e r s  w e r e  s e l e c t e d  a t  r a n d o m  a r o u n d  t h e  B a n g k o k  
m e t r o p o l i t a n  a r e a .  F o r  t h e  w h o l e s a l e  s i t e s ,  t h r e e  f r u i t  m a r k e t s  i n  B a n g ­
k o k  ( T a i ,  M a h a n a k  a n d  S i - m o o m u e n g )  w e r e  r a n d o m l y  s e l e c t e d .  
R o s e  a p p l e s  w e r e  m a n u a l l y  h a r v e s t e d ,  p a c k e d  a n d  t r a n s p o r t e d  b y  
t r u c k s  t o  a l l  t h e  d e s t i n a t i o n s .  F o r  t h e  r e t a i l  m a r k e t ,  r o s e  a p p l e s  a r e  u s u ­
a l l y  p a c k e d  i n  l O - c o u n t  p l a s t i c  f o a m  t r a y s  w i t h  s t r e t c h  f i l m  o n  t o p  a n d  
a r e  s o l d  w i t h o u t  a n y  c u s h i o n i n g  b y  s i m p l y  p a c k i n g  t h e m  i n  p l a s t i c  b a g s  
f o r  c o n s u m e r s .  F o r  t h e  w h o l e s a l e  m a r k e t ,  ] 3  k i l o g r a m s  o f  t h e  f r u i t  i s  
g e n e r a l l y  p a c k e d  i n  a  d o u b l e  w a l l e d  r e g u l a r  s l o t t e d  c o n u g a t e d  b o x  m e a ­
s u r i n g  3 7  c m  x  2 7 . 5  c m  x  3 1  c m .  T h e  f r u i t  i n  t h e  b o x  i s  n o t  i n d i v i d u a l l y  
c u s h i o n e d  a n d  p a c k e d  i n  f o u r  l a y e r s  w i t h  p l a s t i c  b a g s  s a n d w i c h e d  b e ­
t w e e n  t h e  l a y e r s .  3 0  i n d i v i d u a l  r o s e  a p p l e s  w e r e  r a n d o m l y  s e l e c t e d  o u t  
o f  e a c h  s o u r c e ,  r e t a i l  a n d  w h o l e s a l e ,  f o r  d a m a g e  a n a l y s i s .  
2 . 2  T e s t i n g  o f  t h e  C u r r e n t  W h o l e s a l e  P a c k a g i n g  
T h e  c u r r e n t  w h o l e s a l e  p a c k a g i n g  t e s t e d  c o n s i s t e d  o f  t h e  f o l l o w i n g  
( F i g u r e  1 ) :  
•  1 0  k i l o g r a m  c a p a c i t y  c o n u g a t e d  c o n t a i n e r s  a v a i l a b l e  i n  t w o  s i z e s :  
3 0 . 5  c m  x  3 8 . 5  c m  x  1 8 . 5  c m  ( c o n u g a t e d  b o x  J )  a n d  2 4 . 5  c m  x  4 3 . 5  c m  
x  2 6  c m  ( c o n u g a t e d  b o x  I I )  
C o r r u g a t e d  B o x  P l a s t i c  B a s k e t  E P S  C o n t a i n e r  
F i g u r e  1 .  C u r r e n t  W h o l e s a l e  P a c k a g i n g .  
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•	 15 kilogram capacity frustum-like plastic baskets with 39.5 cm mouth 
diameter, 29 cm base diameter and 26 cm height 
• 10 kilogram capacity expanded polystyrene (EPS) containers measur­
ing 30.5 cm x 42.5 cm x 28 cm 
The Thongsamsri rose apples packed in these containers were newly 
harvested, unblemished and approximately of the same size (100 
gm/fruit). The procedure for packing the fruit in the current packages 
was as follows: 
1. Bare rose apples were packed in four layers in an orderly fashion in 
the corrugated boxes with shredded paper (37 gm/layer) as cushion­
ing between the fruit layers, container bottom and in the head space. 
2. The bare fruit was placed in three layers in an orderly fashion in the 
plastic basket lined with two pieces ofnewspaper and sixteen 15 cm x 
20 cm plastic bags uniformly placed to line the container bottom as 
cushion. 
3. The fruit with 3 mm thick foam net was packed in an orderly fashion 
in a plastic bag lined with newspapers and shredded paper. The plas­
tic bag was then vacuumed, sealed and placed in the EPS container 
that had a few holes at the bottom for drainage. Ice was put on the top 
of the vacuumed bag under the lid of the box. 
Each package was selected at random to be tested using a vibration 
simulator (Chaiyapong et aI., 2006) at the resonance frequency of 4 Hz 
for one hour according to the ASTM standard D999 method A2 [11,15]. 
Five replications were made for each package type tested. After testing, 
the fruit in each package was left for six hours to let the damage become 
visually apparent. The fruit was inspected for mechanical damage with 
respect to the fruit section as shown in Figure 2. Section "A" corre­
sponds to the part of the fruit closest to the stem, section "B" is the mid­
dle part of the fruit and section "C" corresponds to the remainder of the 
fruit. Each section is about 2.5 cm apart. 
The average damage per fruit (D ) and the average damage percentage x
per package (D ) were calculated using the following relationships: y
Average fruit damage (Dx' %) = 
L[(Total damaged area of a fruit section / Fruit surface area) x 100] 
Total fruit in package 
or 
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F i g u r e  2 .  F r u i t  S e c t i o n s  o f  R o s e  A p p l e s .  
L [ ( T o t a l  d a m a g e d  l e n g t h  o f  a  f r u i t  s e c t i o n  /  F r u i t  h e i g h t )  x  1 0 0 ] 
  
T o t a l  f r u i t  i n  p a c k a g e 
  
( 1 )  
A v e r a g e  d a m a g e  p e r c e n t a g e  ( D y '  % )  =  
N u m b e r  o f  d a m a g e d  f r u i t  o f  a  c e r t a i n  s e c t i o n  i n  a  p a c k a g e  X  1 0 0  
T o t a l  f r u i t  i n  t h e  p a c k a g e  
( 2 )  
F r u i t h e i g h t w a s o b t a i n e d u s i n g a c a l i b r a t e d  V e r n i e r c a l i p e r . F r u i t a r e a  
w a s  c o m p u t e d  u s i n g  t h e  f o r m u l a ,  n ( r
l  
+  r z ) [ h
Z
+ ( r
l
- r Z ) Z ] l i Z  [ 1 6 ] .  W h e r e ,  
r l '  r
z
a r e  t h e  r a d i u s  o f  b a s e  a n d  t o p  o f  t h e  r o s e  a p p l e  ( m m )  r e s p e c t i v e l y  
a n d  h  i s  t h e  f r u i t  h e i g h t  ( m m ) .  
2 . 3  T e s t i n g  o f  P r o p o s e d  W h o l e s a l e  P a c k a g i n g  
D e v e l o p m e n t  o f  t h e  p r o p o s e d  w h o l e s a l e  p a c k a g i n g  f o r  r o s e  a p p l e s  
o r i g i n a t e d  f r o m  t h e  f a c t  t h a t  i t  i s  a  d a m a g e  p r o n e  f r u i t  a n d  a d e q u a t e  m e ­
c h a n i c a l  p r o t e c t i o n  s h o u l d  b e  p r o v i d e d  a l l  a r o u n d  t h e  f r u i t .  T h e  p r o ­
p o s e d  w h o l e s a l e  p a c k a g i n g  w a s  d e s i g n e d  t o  c u s h i o n  t h e  f r u i t  w i t h  f o a m  
n e t t i n g  a n d  p l a c i n g  i t  i n  c o r r u g a t e d  p a r t i t i o n s  t o  a v o i d  d i r e c t  l a t e r a l  c o n ­
t a c t  b e t w e e n  t h e  f r u i t s .  T h e  l a y e r s  o f  f r u i t  w e r e  a l s o  c u s h i o n e d  v e r t i c a l l y  
u s i n g  s h r e d d e d  p a p e r  ( 3  g m  a n d  3  m m  w i d e ) .  T h e  t w o  d e s i g n s  o f t h e  p r o ­
p o s e d  p a c k a g i n g  i n  2 7 . 5  c m  X  4 1  c m  X  3 7  c m  c o r r u g a t e d  b o x e s  w i t h  7 2  
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Vertical Plane Fruit Orientation Diagonally Horizontal Plane 
Fruit Orientation 
Figure 3. The Proposed Wholesale Packaging. 
Thongsamsri rose apples individually wrapped in 3 mm foam nets were 
(Figure 3): 
a. The cushioned fruit vertically oriented in a 3 layer stack 
b. The cushioned fruit oriented diagonally in the horizontal plane in a 4 
layer stack. 
The fruit packaged using the proposed packaging methods were tested 
using the methodology described in section 2.2. 
3.0 RESULTS AND DISCUSSION 
3.1 Post-Harvest Damage 
Figure 4, shows the rose apple post-harvest damage categories, six of 
which are clearly quantifiable. These are bruising, abrasion, internal 
crack (crack appearing in bruise), cut, abrasion-internal crack (abrasion 
with tissue inside the fruit clearly separating), and crack. Land crack is 
surface break with bruise. Internal crack (inside flesh cracks but epider­
mis does not) and cut-internal crack (cut is with bruise and tissue sepa­
rates) were the most difficult to identify. 
Analysis of variance indicated that the distribution destination and 
fruit section significantly affected the average fruit damage, D 
x
' of bruis­
ing, abrasion and internal crack at the significance level of5% (Table 1). 
The total damage of every section of the packaged Thongsamsri fruit 
at the wholesaler was less than that at the retailer for bruising (0.64% vs. 
1.20%) and abrasion (0.74% vs. 1.30%). This might be because the rose 
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T a b l e  2 .  E f f e c t  o f  F r u i t  S e c t i o n  o n  A v e r a g e  F r u i t  D a m a g e * 
  
o f A b r a s i o n  a n d  I n t e r n a l  C r a c k  a n d  C r a c k 
  
o f P a c k a g e d  T h o n g s a m s r i  R o s e  A p p l e s . 
  
A b r a s i o n  a n d  
F r u i t  S e c t i o n  I n t e r n a l  C r a c k  ( % )  C r a c k  ( % )  
A  
0 . 0 2 2 ± 0 . 0 2 0 a  
0 . 5 4 5 ± 0 . 4 9 8 b  
8  0 . 0 0 8 8 ± 0 . 0 0 8 6 a  0 . 1 5 8 ± 0 . 0 9 5 a  
C  
0 . 0 4 4 ± 0 . 0 3 4 b  
0 . 0 2 5 ± 0 . 0 2 1 a  
< T h e  v a l u e  o f f r u i t  d a m a g e  f o l l o w e d  b y t h e  s a m e  l e t t e r  o f t h e  s a m e  d a m a g e  t y p e  i m p l i e s t h e  f r u i t  d a m ­
a g e  o f  i n s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  s i g n i f i c a n c e  l e v e l  o f  5 % .  
a p p l e  e x p e r i e n c e d  m o r e  h a n d l i n g  w h e n  s h i p p e d  t o  t h e  r e t a i l e r  t h a n  t h a t  
t o  t h e  w h o l e s a l e r .  B r u i s i n g  a n d  a b r a s i o n  t o g e t h e r  c o n t r i b u t e d  t o w a r d s  
t h e  m o s t  a m o u n t  o f d a m a g e  i n  t h e  p a c k a g e d  r o s e  a p p l e s .  F o r  b r u i s i n g  o r  
a b r a s i o n  f o r  t h e  s a m e  d i s t r i b u t i o n  d e s t i n a t i o n ,  t h e  l a r g e s t ,  t h e  m e d i u m  
a n d  t h e  s m a l l e s t  a m o u n t  o f d a m a g e  a p p e a r e d  a t  t h e  f r u i t  s e c t i o n  A ,  C  a n d  
B  r e s p e c t i v e l y .  T h i s  w a s  s i m i l a r  t o  c r a c k  d a m a g e  t h a t  w a s  g r e a t e s t  a t  s e c ­
t i o n  A  a n d  t h e  s m a l l e s t  a t  s e c t i o n  C  ( T a b l e  2 ) .  
F r u i t  s e c t i o n  s i g n i f i c a n t l y  a f f e c t e d  a b r a s i o n  a n d  i n t e r n a l  c r a c k ,  a n d  
c r a c k ,  w h i l e  t h e  s i g n i f i c a n t  i n f l u e n c e  o f  d i s t r i b u t i o n  d e s t i n a t i o n ,  w a s  
u p o n  t h e  c u t  a n d  i n t e r n a l  c r a c k  ( T a b l e  3 ) .  
B a s e d  o n  t h e  s i z e  o f  b r u i s i n g  a n d  a b r a s i o n ,  c r a c k  a l s o  c o n t r i b u t e d  a  
s i g n i f i c a n t l y  l a r g e a m o u n t  o f d a m a g e  w h i l e  t h e  a m o u n t  o f i n t e r n a l c r a c k ,  
a b r a s i o n  a n d  i n t e r n a l  c r a c k ,  a n d  c u t  a n d  i n t e r n a l  c r a c k  w a s  t o o  s m a l l  t o  
b e  o f  c o n c e r n .  F o r  t h e  p a c k a g e d  T o o n k l a o ,  d i s t r i b u t i o n  d e s t i n a t i o n  a n d  
f r u i t  s e c t i o n  s i g n i f i c a n t l y  a f f e c t e d  b r u i s i n g  a n d  a b r a s i o n  a t  t h e  s i g n i f i ­
c a n c e  l e v e l  o f  5 %  ( T a b l e  4 ) .  
S i m i l a r l y  f o r  T h o n g s a m s r i ,  f o r  e i t h e r  b r u i s i n g  o r  a b r a s i o n ,  t h e  s u m  o f  
t h e  a v e r a g e  f r u i t  d a m a g e  a t  e v e r y  s e c t i o n  i n  a  r o s e  a p p l e  a t  t h e  r e t a i l e r  
w a s  g r e a t e r  t h a n  t h a t  a t  t h e  w h o l e s a l e r .  H a n d l i n g  e f f e c t  o n  t h e  g r o w t h  o f  
b r u i s i n g  a n d  a b r a s i o n  b e t w e e n  t h e  r e t a i l e r  a n d  t h e  w h o l e s a l e r  w a s  f o u n d  
t o  b e  1 . 8 7  a n d  1 . 7 6  f o r  T h o n g s a m s r i ,  a n d  3 . 1 8  a n d  2 . 1 5  f o r  T o o n k l a o  r e -
T a b l e  3 .  E f f e c t  o f  D i s t r i b u t i o n  D e s t i n a t i o n  o n  A v e r a g e  F r u i t  D a m a g e *  
o f  C u t  a n d  I n t e r n a l  C r a c k  o f  P a c k a g e d  T h o n g s a m s r i  R o s e  A p p l e s .  
D i s t r i b u t i o n  D e s t i n a t i o n  C u t  a n d  I n t e r n a l  C r a c k  ( % )  
R e t a i l e r  0 . 0 0 1 2 ± 0 . 0 0 1 1  a  
W h o l e s a l e r  0 . 0 0 6 1  ± 0 . 0 0 5 9 b  
< T h e  v a l u e  o f f r u i t  d a m a g e  f o l l o w e d  b y  t h e  s a m e  l e t t e r  o f t h e  s a m e  d a m a g e  t y p e  i m p l i e s  t h e  f r u i t  d a m ­
a g e  o f  i n s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  s i g n i f i c a n c e  l e v e l  o f  5 % .  
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D e v e l o p m e n t  o f  W h o l e s a l e  P a c k a g i n g  3 7  
T a b l e  6 .  E f f e c t  o f  F r u i t  S e c t i o n  o n  A v e r a g e  D a m a g e  P e r c e n t a g e * 
  
o f  A b r a s i o n  a n d  I n t e r n a l  C r a c k  a n d  C r a c k 
  
o f  P a c k a g e d  T h o n g s a m s r i  R o s e  A p p l e s . 
  
A b r a s i o n  a n d 
  
F r u i t  S e c t i o n  I n t e r n a l  C r a c k  ( % )  C r a c k  ( % ) 
  
A  
4 . 6 1 4 ± 2 . 3 1 7 a  
4 . 4 4 4 ± 3 . 1 9 5 b 
  
B  2 . 8 6 2 ± 2 . 5 6 4 a  O . 8 3 3 ± O . 7 1 4 a 
  
C  
1 3 . 5 3 3 ± 9 . 7 8 5 b  0 . 4 1 7 ± O . 3 4 6 a 
  
* T h e  v a l u e  o f  a v e r a g e  d a m a g e  p e r c e n t a g e  f o l l o w e d  b y  t h e  s a m e  l e t t e r  o f t h e  s a m e  d a m a g e  t y p e  i m ­
p l i e s  t h e  d a m a g e  p e r c e n t a g e  o f  i n s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  s i g n i f i c a n c e  l e v e l  o f  5 % .  
s p e c t i v e l y .  A p a r t  f r o m  v a r i a t i o n  o f  o r c h a r d  a n d  t r a n s p o r t ,  t h e  m e c h a n i ­
c a l  p r o p e r t i e s  o f  t h e  d i f f e r e n t  v a r i e t i e s  o f  r o s e  a p p l e s  w o u l d  a l s o  c a u s e  a  
g r e a t e r  g r o w t h  o f  b r u i s i n g  a n d  a b r a s i o n  i n  T h o n g s a m s r i .  A  p a s t  s t u d y  
h a s  f o u n d  t h a t  t h e  m a t u r e  r o s e  a p p l e  o f  T h o n g s a m s r i  e x h i b i t s  g r e a t e r  
f i r m n e s s  t h a n  t h e  T o o n k l a o  v a r i e t y  [ 1 7 ] .  T h i s  m e a n s  t h a t  t h e  
T h o n g s a m s r i  v a r i e t y  s h o u l d  h a v e  a  h i g h e r  r e s i s t a n c e  t o  m e c h a n i c a l  d a m ­
a g e  t h a n  T o o n k l a o .  T h e  d i s t r i b u t i o n  d e s t i n a t i o n  a n d  f r u i t  s e c t i o n  s i g n i f i ­
c a n t l y  i n f l u e n c e  t h e  a v e r a g e  d a m a g e  p e r c e n t a g e ,  D  o f  b r u i s i n g ,  a b r a ­
y  
s i o n  a n d  i n t e r n a l  c r a c k  a t  t h e  s i g n i f i c a n c e  l e v e l  o f  5 %  ( T a b l e  5 ) .  
F o r  e i t h e r  b r u i s i n g  o r  a b r a s i o n ,  t h e  s u m  o f  t h e  a v e r a g e  d a m a g e  p e r ­
c e n t a g e  f o r  e v e r y  s e c t i o n  o f  t h e  p a c k a g e d  T h o n g s a m s r i  v a r i e t y  a t  t h e  r e ­
t a i l e r  w a s  g r e a t e r  t h a n  t h a t  a t  t h e  w h o l e s a l e r .  B e s i d e s ,  t h e  l a r g e s t ,  t h e  m e ­
d i u m  a n d  t h e  s m a l l e s t  D
y  
w e r e  a t  t h e  f r u i t  s e c t i o n  A ,  C  a n d  B  
r e s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  l a r g e s t ,  t h e  m e d i u m  a n d  t h e  s m a l l e s t  D o f
y  
t h e  i n t e r n a l  c r a c k  w e r e  a t  t h e  f r u i t  s e c t i o n  C ,  A  a n d  B  r e s p e c t i v e l y .  F r u i t  
s e c t i o n  s i g n i f i c a n t l y  a f f e c t e d  D o f  a b r a s i o n  a n d  i n t e r n a l  c r a c k ,  a n d  
y  
c r a c k  ( T a b l e  6 ) .  
T h e  g r e a t e s t  a n d  t h e  s m a l l e s t D y  o c c u r r e d  a t  s e c t i o n s  A  a n d  C  f o r  c r a c k  
a n d  s e c t i o n s  C  a n d  A  f o r  a b r a s i o n  a n d  t h e  i n t e r n a l  c r a c k .  D i s t r i b u t i o n  
d e s t i n a t i o n  s i g n i f i c a n t l y  a f f e c t e d  D  o f  t h e  c u t  a n d  i n t e r n a l  c r a c k  ( T a b l e  
y  
7 ) .  
D
y  
a t  t h e  r e t a i l e r  w a s  o b s e r v e d  t o  b e  l e s s e r  t h a n  t h a t  a t  t h e  w h o l e s a l e r .  
T h i s  m i g h t  b e  d u e  t o  a d d i t i o n a l  h a n d l i n g  o p e r a t i o n s  i n  t h e  d i s t r i b u t i o n  
c h a n n e l s  f o r  t h e  w h o l e s a l e r .  D o f  b r u i s i n g ,  a b r a s i o n  a n d  c r a c k  o f  t h e
y  
p a c k a g e d  T o o n k l a o  w a s  s i g n i f i c a n t l y  a f f e c t e d  b y  d i s t r i b u t i o n  d e s t i n a ­
t i o n  a n d  f r u i t  s e c t i o n  a t  t h e  s i g n i f i c a n t l y  l e v e l  o f  5 %  ( T a b l e  8 ) .  
T h e  s u m  o f D y  f o r  t h e  w h o l e  f r u i t  f o r  e i t h e r  b r u i s i n g  o r  a b r a s i o n  a t  t h e  
r e t a i l e r  w a s  g r e a t e r  t h a n  t h a t  a t  t h e  w h o l e s a l e r ,  e x c e p t  c r a c k  f o r  w h i c h  
t h e  D a t  t h e  w h o l e s a l e r  w a s  g r e a t e r  t h a n  t h a t  a t  t h e  r e t a i l e r .  W h o l e s a l e r  
y  
38 B. JARIMOPAS. at al. 
Table 7. Effect of Distribution Destination on Average
 
Damage Percentage* of Cut and Internal Crack
 
of Packaged Thongsamsri Rose Apples.
 
Distribution Destination Cut and Internal Crack (%) 
Retailer O.370±O.247a 
Wholesaler 2.593±1.925b 
*The value of average damage percentage followed by the same letter of the same damage type im­
plies the damage percentage of insignificant difference at the significance level of 5%. 
damage (Dy) ofbruising and abrasion for the packaged Thongsamsri and 
Toonklao rose apples increased by 1.98 and 1.13, and 2.73 and 1.54 
times respectively for the retailer damage. Abrasion and bruising were 
first and the second in terms of the severity of the damage for the pack­
aged rose apples. Referring to the previous transport packaging testing 
studies for apples and tangerines, bruising was the dominant type of 
damage with ignorable abrasion [18,19 and 20]. For rose apples the sig­
nificant mechanical damage included abrasion and bruising. The occur­
rence of abrasion might be due to the fact that the mechanical strength of 
the skin of a rose apple fruit is less than that ofan apple fruit. A mechani­
cal strength test was performed for the skin of the Thongsamsri rose ap­
ple and Chinese Fuji apple for comparison. Thirty replications of each 
variety of 15 mm x 35 mm sample size were mounted to the grips of the 
universal testing machine (INSTRON 5569, USA) for tensile testing. 
The mechanical strength expressed at the force needed to rupture the 
skin of the Thongsamsri rose apples and the Chinese Fuji apple was 3.81 
and 5.99 N respectively. The sum of D y for the whole fruit sometime ex­
ceeded 100% because one rose apple could have the same damage at 
more than one section of the fruit. 
3.2 Performance of the Current and the 
Developed Wholesale Packaging 
Packaging and fruit section significantly influenced the average fruit 
damage (D) ofbruising, abrasion, crack and internal crack at the signifi­
cance level of 5% (Table 9). 
The corrugated boxes I and II, and the plastic basket mainly created 
bruising and abrasion and very small abrasion and internal crack (0.01 % 
orless) (Table 10). 
In particular, corrugated box I generated both internal cracks and very 
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Table 10. Effect of Packaging on Average Fruit Damage* ofAbrasion 
and Internal Crack of Packaged Thongsamsri Rose Apples. 
Packaging Abrasion and Internal Crack (%) 
EPS container Oa 
Diagonal Oa 
Vertical Oa 
Corrugated box II 0.0099±0.0045b 
Plastic basket 0.0099±0.0043b 
Corrugated box I 0.0109±0.0047b 
"The value offruit damage followed by the same letter olthe same damage type implies the fruit dam­
age of insignificant difference at the significance level of 5%. 
small cracks (=0.05%). The plastic basket was the container of the great­
est bruising (Dx = 5.40%), while the corrugated boxes I and II were the 
containers that exhibited the greatest abrasion (D
x 
= 1.98%). The plastic 
basket was also the container with the highest damage type of bruising 
and abrasion (D
x 
=7.34%). The high amount of the combined damage 
might be because the packaged rose apples were wrapped without any 
cushioning. Bare fruit, in direct contact with each other, received these 
types of damages whenever subjected to vibration [21,22]. With the 
EPS container, abrasion was very small (D
x 
=0.01%) while bruising was 
high (D
x 
= 3.24%). This might be because the rose apples were cush­
ioned with foam net. The foam net protected the fruit skin from directly 
contacting adjacent fruit. Nevertheless, due to either improper vacuum 
or an ill-fitting plastic bag inside the EPS container, the packaged rose 
apples were able to shift. When exposed to vibration, each fruit or the en­
tire bag of fruits displaced and impacted the inside surface of the con­
tainer, giving rise to bruising. However, the EPS container did not create 
cracks, internal cracks and abrasion or internal crack damage. The cur­
rent wholesale packaging with the lowest damage was the corrugated 
box I with a total D
x 
of 2.43%. 
For the developed wholesale packaging, abrasion for both the diago­
nal and the vertical orientations of the fruit was very low (D
x
= 
0.02-0.03%) due to foam net cushioning around each fruit. Bruising for 
the vertical orientation (= 1.69%) was about 5 times greater than that of 
the diagonal (= 0.36%). Jarimopas et al. reported that the power spec­
trum density (PSD) of the tangerine fruit in wholesale packaging in the 
vertical direction was greater than that in the horizontal direction [20]. 
Therefore, the vertical PSD probably caused more bruising than the hor­
izontal PSD did. 
4 1  D e v e l o p m e n t  o f  W h o l e s a l e  P a c k a g i n g  
P a c k a g i n g  a n d  f r u i t  s e c t i o n  s i g n i f i c a n t l y  a f f e c t e d  t h e  a v e r a g e  d a m a g e  
p e r c e n t a g e  D
y  
o f  b r u i s i n g ,  a b r a s i o n ,  c r a c k s  a n d  i n t e r n a l  c r a c k s  ( T a b l e  
1 1 ) .  
T h e  a v e r a g e  d a m a g e  p e r c e n t a g e  f o r  e v e r y  p a c k a g e  o f  T h o n g s a m s r i  
r o s e  a p p l e s  m a i n l y  g e n e r a t e d  b r u i s i n g  a n d  a b r a s i o n ;  e s p e c i a l l y  t h e  c o r ­
r u g a t e d  b o x  I ,  w h i c h  a l s o  p r o d u c e d  i n t e r n a l  c r a c k s  ( 3 9 . 6 % )  a n d  v e r y  
s m a l l  c r a c k .  E a c h  c u r r e n t  p a c k a g e  t y p e  e x h i b i t e d  a  h i g h  v a l u e  o f  t h e  
c o m b i n e d  b r u i s i n g  a n d  a b r a s i o n  ( m o r e  t h a n  1 0 0 % ) .  T h e  p l a s t i c  b a s k e t  
w a s  t h e  c o n t a i n e r  w i t h  t h e  g r e a t e s t  b r u i s i n g  ( D
y  
= =  2 2 3 . 0 % ) ,  w h i l e  c o r r u ­
g a t e d  b o x  I  w a s  t h e  c o n t a i n e r  w i t h  t h e  g r e a t e s t  a b r a s i o n  ( D
y  
= =  1 7 3 . 4 % ) .  
T h e  p l a s t i c  b a s k e t  w a s  a l s o  t h e  c o n t a i n e r  w i t h  t h e  h i g h e s t  d a m a g e  d u e  t o  
b r u i s i n g  a n d  a b r a s i o n  ( D
y  
=  3 7 3 . 2 % ) .  T h e  E P S  c o n t a i n e r  w a s  t h e  c u r r e n t  
p a c k a g e  t y p e  w i t h  t h e  l o w e s t  D  
y
,  f e a t u r i n g  v e r y  s m a l l  a b r a s i o n  ( D
y  
= =  
1 . 0 % ) ,  h i g h  b r u i s i n g  ( D
y  
= =  1 2 2 % )  a n d  w a s  f r e e  f r o m  c r a c k  a n d  i n t e r n a l  
c r a c k .  .  
F o r  t h e  w h o l e s a l e  p a c k a g i n g  d e v e l o p e d ,  a b r a s i o n  i n  b o t h  t h e  d i a g o ­
n a l  a n d  t h e  v e r t i c a l  o r i e n t a t i o n s  w a s  v e r y  l o w  ( D
y  
= =  2 - 3 % )  o w i n g  t o  
f o a m  n e t  w r a p p i n g  a r o u n d  i n d i v i d u a l  r o s e  a p p l e s .  B r u i s i n g  f o r  t h e  
v e r t i c a l  o r i e n t a t i o n  ( D
y  
= =  7 8 . 6 % )  w a s  a b o u t  2  t i m e s  g r e a t e r  t h a n  t h a t  
o f  t h e  d i a g o n a l  ( D
y  
= =  3 8 . 9 % ) .  T h e  i n f l u e n c e  o f  P S D  o n  D  
x  
w a s  m o r e  
s e v e r e  t h a n  t h a t  o n  D
y
•  I n  e v e r y  p a c k a g e  o f  t h e  T h o n g s a m s r i  v a r i e t y ,  
t h e  b r u i s i n g  o f  t h e  f r u i t  s e c t i o n  A  w a s  g r e a t e r  t h a n  t h a t  o f  t h e  s e c t i o n  
C .  T h i s  o c c u r r e n c e  w a s  f u r t h e r  e x p l o r e d  b y  c o n d u c t i n g  c o m p r e s s i o n  
t e s t s  u s i n g  a  4  m m  p l u n g e r  c o n t a c t  l o a d i n g  o n  T h o n g s a m s r i  r o s e  a p ­
p l e s  w i t h  t h e  U n i v e r s a l  T e s t i n g  M a c h i n e  ( I N S T R O N  5 5 6 9 ,  U S A ) .  
T h e  r u p t u r e  f o r c e  o f  t h e  f r u i t  a t  t h e  f r u i t  s e c t i o n  A  a n d  C  w a s  f o u n d  t o  
b e  5 . 5 0  a n d  8 . 8 9  N  r e s p e c t i v e l y .  T h i s  s u g g e s t s  t h a t  t h e  f r u i t  s e c t i o n  
w i t h  t h e  s m a l l e r  r u p t u r e  f o r c e  w o u l d  p r o b a b l y  g e t  b r u i s e d  m o r e  e a s i l y  
t h a n  t h a t  w i t h  t h e  l a r g e r  f o r c e .  T h e  p o s t - h a r v e s t  d a m a g e  o f  r o s e  a p ­
p l e s  i n  t h e  p r e d e t e r m i n e d  p a c k a g i n g  s u b j e c t e d  t o  s i m u l a t e d  v i b r a t i o n  
t e s t  w a s  m a r k e d l y  c h a r a c t e r i z e d  b y  b r u i s i n g  a n d  a b r a s i o n  t y p e  o f  
d a m a g e .  T h i s  r e s u l t  c o m p l i e d  w i t h  t h e  d a m a g e  t y p e s  f o u n d  i n  t h e  
p r e s e n t  p r a c t i c e  o f h a n d l i n g  a n d  t r a n s p o r t a t i o n  o f  r o s e  a p p l e  p a c k a g ­
i n g .  
F o r  t h e  d i a g o n a l  o r i e n t e d  p a c k a g i n g ,  b a s e d  o n  D x  a n d  D
y
,  w a s  n o t  o n l y  
f r e e  f r o m  c r a c k  a n d  i n t e r n a l  c r a c k  b u t  a l s o  g e n e r a t e d  a b o u t  1 1 3  o f  t h e  
b r u i s i n g  a n d  a b r a s i o n  a s  c o m p a r e d  t o  t h e  E P S  c o n t a i n e r .  T h e r e f o r e ,  t h e  
d i a g o n a l  o r i e n t a t i o n  w a s  c o n s i d e r e d  t o  b e  t h e  r o s e  a p p l e  p a c k a g i n g  t h a t  
c a u s e d  t h e  m i n i m u m  d a m a g e .  
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D e v e l o p m e n t  o f  W h o l e s a l e  P a c k a g i n g  
4 3  
4 . 0  C O N C L U S I O N S  
1 .  T h e  p o s t - h a r v e s t  d a m a g e  o f  p a c k a g e d  r o s e  a p p l e s  m a i n l y  c o n s i s t e d  
o f  a b r a s i o n  a n d  b r u i s i n g  w i t h  a b r a s i o n  g r e a t e r  t h a n  b r u i s i n g .  T h e  
c o m b i n e d  d a m a g e  o f  b r u i s i n g  a n d  a b r a s i o n  a t  t h e  r e t a i l e r  w a s  g r e a t e r  
t h a n  t h a t  o f  w h o l e s a l e r .  
2 .  T h e  c u r r e n t  w h o l e s a l e  p a c k a g i n g  w i t h  t h e  g r e a t e s t  d a m a g e  w a s  t h e  
p l a s t i c  b a s k e t  w h i l e  t h a t  w i t h  t h e  l o w e s t  d a m a g e  w a s  t h e  E P S  c o n ­
t a i n e r .  
3 .  O f  a l l  t h e  p a c k a g e  t y p e s  t e s t e d ,  t h e  w h o l e s a l e  p a c k a g i n g  f e a t u r i n g  d i ­
a g o n a l  a n d  h o r i z o n t a l  r o s e  a p p l e  p a c k a g i n g  e x h i b i t e d  t h e  m i n i m u m  
d a m a g e  w i t h  n e g l i g i b l e  a b r a s i o n .  
4 .  S i m u l a t e d  v i b r a t i o n  t e s t i n g  r e f l e c t e d  a  t r u e  p i c t u r e  o f  p o s t - h a r v e s t  
d a m a g e  o f  a b r a s i o n  a n d  b r u i s i n g  i n  t h e  p a c k a g e d  r o s e  a p p l e s  a s  c o m ­
p a r e d  t o  t h e  p r e s e n t  p r a c t i c e  o f  h a n d l i n g  a n d  t r a n s p o r t a t i o n  o f  t h e  
p r o d u c e  p a c k a g i n g .  
5 .  T h e  d a m a g e  p a r a m e t e r s  u s e d ,  i . e .  a v e r a g e  f r u i t  d a m a g e  a n d  a v e r a g e  
d a m a g e  p e r c e n t a g e ,  s u f f i c i e n t l y  e x p r e s s e d  t h e  e x t e n t  o f  d a m a g e  t o  a  
f r u i t  a n d  t h e  d i s t r i b u t i o n  o f  d a m a g e  i n  t h e  p a c k a g e s  r e s p e c t i v e l y .  
5 . 0  A C K N O W L E D G E M E N T  
T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  P o s t g r a d u a t e  E d u c a t i o n  a n d  
R e s e a r c h  D e v e l o p m e n t  P r o j e c t  i n  P o s t - h a r v e s t  T e c h n o l o g y ,  C h i a n g m a i  
U n i v e r s i t y ,  T h a i l a n d  f o r  f i n a n c i a l  s u p p o r t ,  a n d  P r o f e s s o r  P a u l  C h e n ,  
P r o f e s s o r  E m e r i t u s ,  D e p a r t m e n t  o f  B i o l o g i c a l  a n d  A g r i c u l t u r a l  E n g i ­
n e e r i n g ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v i s ,  U S A  f o r  h i s  v a l u a b l e  a d v i c e .  
6 . 0  R E F E R E N C E S  
1 .  D e p a r t m e n t o f A g r i c u l t u r a l E x t e n s i o n . 2 0 0 3 . A u n n a l S t a t i s t i c s  o f T h a i F r u i t P r o d u c t i o n / C r o p 
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